A cavity design that deviates from conventional rules of RF engineering is presented. Preliminary studies in collaboration with SATURNE [ 1 ] and TERA [2] were carried out to employ the amorphous material VitroVac for a cavity with reduced size. The idea to use a nano-crystalline material instead of an amorphous one was stimulated by
MOTIVATION OF MATERIALS DIFFERENT FROM FERRITE
The femte-filled cavity being in operation at COSY is about 2.1 mlong and occupies space in one of the telescopes that will be needed for a (partial)-snake to optimize acceleration of polarized protons. The ferrite cavity has to be tuned to the actual revolution frequency and only works with sinusoidal voltages. In collaboration with SATURNE we worked on a shorter cavity (1.4 m) filled with the amorphous material VitroVac 6025F. This cavity operates from 0.2 to 8 MHz and allows the application of higher harmonics together with the fundamental frequency. With such a cavity we have performed rf-gymnastics without beam to show the feasibility of the cavity for applications like: improved capture of injected beam acceleration at different harmonics ?-transition crossing stochastic cooling of bunched beams high power shaped noise for stochastic extraction in seconds.
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VitroPerm 500F, shown in figure 1. The total length is about 780 mm, where 212 mm account for the vacuum gap. The 6 VitroPerm toroids per side are placed directly in water, avoiding the use of cooling plates. The broadband nature of this cavity eliminates tuning loops and allows the application of higher harmonics and noise. The impedance will be high enough to reach a maximum rfamplitude of 5 kV (2.5 kV for each half of the structure) with an rf-power of less than 50 kW. The disadvantages are related to the water bath: A protection against corrosion is needed, the cavity has to be protected against too high water pressure, and the purity of the water is important. 
I .2 Measurements with samples
We compared small toroids of VitroVac and VitroPerm. The size and the initial permeability at DC are listed in table 1. The value for the toroids foreseen is estimated. Low level impedance measurements were carried out with a network analyser HP 8751A. Figure 2a shows the impedance as a function of frequency for one VitroVac toroid (sample A) connected with a one-turn loop. This sample was tested at higher rf-power to reach temperatures of 100 "C in water. The coupling loop was driven by an ENI-A500 amplifier. The rf-power resulting in an amplitude of 200 V is displayed in figure 2b . We observed no substantial change in impedance as temperature rises. Therefore we expect a good safety margin in operation between 20 to 50 "C. In figure 3 the impedance of a combination of VitroPerm sample toroids B in a test structure is plotted. The arrangement of 6 toroids per side in the final cavity guarantees the heat transfer to the cooling water and results in a higher impedance. The scaled result is sufficient for 2.5 kV amplitude. The estimated power per side is displayed in figure 4 . 
Application of higher harmonics
The suitability of the cavity for higher harmonics is proven by a setup where a signal composed of a fundamental at 500 kHz and two harmonics drives an amplifier AR 15A250 directly connected to the teststructure with four toroids. The broadband behavior is clearly visible in figure 
SIGNAL GENERATION
A dedicated synthesizer [6] generates the higher harmonics for the measurement of the behavior of the VitroPerm in time domain. It has been upgraded to perform a synchronous sweep with the nonlinear frequency ramp of COSY while preserving the shape of the waveform. The Fourier components are controlled in real time. Figure 6 depicts the structure of signal generation. The hardware is installed in 2 VME-crates. One of the crates contains a communication CPU and 7 DSP boards which generate the digital set values of the different harmonics as a function of time. The amplitude is controlled with a DAC that drives an analog multiplier. The frequency word is fed to a numerical oscillator (NCO) that generates the clock 16-f,, for the Lookup-tables, the 16 bit complex multipliers and the DAC, where fEv varies between 0.4 MHz to 1.6 MHz. The amplitudes of the higher harmonics are much lower than the fundamental. Therefore the signal of the DACs is fed to attenuators, to keep the signal-to-noise ratio of 12 ... 14 bit, which results in -7OdBc when measured. 
INSTALLATION PROCEDURE
The preparation of the installation of the cavity is on its way. In the end of June 99 we expect to have the structure and the material available. We will test the cavity performance at low level and stress the structure to find out the influence of water pressure. We will find out, if the impedance, influenced by the capacitance of the water -some 100 pF -is high enough, or if we have to rearrange the position of the cores inside the water tank.
Due to the compact size and small weight of the cavity and the material, the setup is mobile. We therefore plan to perform first power measurements at the test bed of the VitroVac cavity at CEFW. When we know the power requirements (50.. .IO0 kVA), we will install the tube amplifier in the ,,eye" of the COSY-ring. The anode power supply will be specified to minimize operational cost. In the mean time we use the anode power supply of the existing tube amplifier to feed the amplifier of the broadband structure. If the new cavity performs as expected, we install it in the target telescope in a way that allows to switch between the ferrite cavity and the lugher harmonic cavity in reasonable time. A Klockner-Moller SPS will control the power supplies and check for error and fault conditions. The locations of the existing ferrite cavity and the new one in COSY are sketched in figure 7. 
OUTLOOK
An interesting question will be the connection of the amplifier to the cavity gap. Depending on the installation, adistance of 3 to 7 m has to be bridged with an coaxial air filled transmission line of 200 R impedance.
With both cavities operational this year, we have new opportunities in modifying the longitudinal phase-space. We will find out, if the cavity will perform as expected to replace the existing one, which then acts as a backup.
